IMPORTANCE Posttraumatic stress disorder (PTSD) is associated with an increased risk of type 2 diabetes mellitus (T2DM). Existing literature has adjusted for obesity in combination with other confounders, which does not allow estimating the contribution of obesity alone on the association of PTSD with incident T2DM.
P osttraumatic stress disorder (PTSD) is associated with an increased risk of type 2 diabetes mellitus (T2DM). [1] [2] [3] [4] [5] [6] The condition is associated with risk factors for T2DM, such as poor diet, lack of exercise, alcohol abuse, and obesity. These risk factors may interact with hypothalamic-pituitaryadrenal changes to increase risk of T2DM. Alternatively, hypothalamic-pituitary-adrenal dysfunction alone may be in the causal pathway from PTSD to T2DM, 7, 8 or a common biological mechanism (such as genetic vulnerability) could underlie this association.
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There is no conclusive evidence whether PTSD directly causes T2DM, or whether poor health, such as alcohol use disorder, obesity, or sedentary lifestyle, are either in the causal pathway or moderate the association from PTSD to T2DM. 8, 9 To help tease apart the multifactorial pathways from PTSD to T2DM, we focus on the role of obesity, which is twice as common in patients with PTSD compared with those without PTSD 10-12 and accounts for up to 44% of the T2DM burden in the general population.
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In studies of civilian and veteran populations, the risk of self-reported incident diabetes was markedly reduced and no longer significantly associated with PTSD after adjusting for psychiatric comorbidity, body mass index (calculated as weight in kilograms divided by height in meters squared), hypertension, alcohol consumption, physical activity, and cardiovascular disease. 4, 6 In contrast, over 22 years, the Nurses Health Study 5 observed that body mass index accounted for 14% of the association between PTSD and incident diabetes, but even after adjusting for body mass index and other diabetes risk factors, those with PTSD were 30% more likely to report being diagnosed as having T2DM than those without trauma exposure. It is unknown whether PTSD is directly associated with incident T2DM. It is not possible to determine the role of obesity in the association between PTSD and incident T2DM from existing studies, which have either measured body mass index (not obesity) or have simultaneously adjusted for obesity in combination with other T2DM risk factors. To determine if PTSD remains associated with incident T2DM independent of obesity, we used a large medical record database that permits measuring relevant confounding factors and potential moderators over many years of observation. The current study is designed to (1) determine if the association between PTSD and incident T2DM remains after first controlling for obesity and further adjusting for other potential confounders, (2) determine if patients with PTSD and obesity have a greater risk of incident T2DM compared with patients with PTSD alone, and (3) determine if obesity and PTSD have a combined association with incident T2DM.
Methods
This retrospective cohort study used deidentified Veterans Health Administration (VHA) patient medical record data from fiscal years (FY) 2008 to 2015 (October 1, 2007 1, , to September 30, 2015 . Data elements included International Classification of Diseases, Ninth Revision (ICD-9) diagnosis codes, vital signs, laboratory results, medications, demographic data, and the type of clinic encounter (eg, primary care, mental health clinic, or PTSD psychotherapy).
The study was approved by the institutional review boards of participating institutions. A waiver of informed consent was obtained because this study used deidentified data.
We initially identified and randomly selected 5916 individuals with PTSD and 5940 control patients without PTSD who were aged 18 to 70 years and had at least 2 visits between FY2008 and FY2012 to 1 of 5 VHA PTSD specialty mental health clinics distributed across the United States. Patients were defined as having PTSD if they had ICD-9 code 309.81 on 2 outpatient visits within a 12-month period or 1 inpatient stay. Requiring 2 diagnoses for PTSD results in good positive predictive value (82%) when compared with a gold standard PTSD Checklist score of 50 or greater.
14 This algorithm has good agreement (79.4%) with lifetime diagnoses derived from the Structured Clinical Interview for DSM-IV. 15 Control patients without PTSD had no occurrence of a PTSD diagnosis code in FY2008 to FY2012. For patients with PTSD, the index date was the second visit with a PTSD diagnosis (or inpatient discharge date). For controls, the index date was the date of the second visit to any of the 5 VHA medical centers. From the initial cohort, we selected the 2959 patients without a PTSD diagnosis and 4075 patients with a PTSD diagnosis whose index date occurred in FY2009 to FY2012. The observation period continued until September 30, 2015, which allowed all patients a minimum of 3 years of follow-up time to develop incident T2DM. Patients with and without PTSD whose index date was before 2009 were removed because they did not have a full 1 year of this washout period.
Because we are interested in incident T2DM, we excluded patients who had a diagnosis indicating diabetes (ICD-9 codes 250.x, 357.2, 362.0x, or 366.41; n = 909) or those receiving an antidiabetic medication (n = 658) in the 1-year washout period. In the washout period, we relaxed our diagnostic criteria for T2DM such that patients with a single ICD-9 code for any diabetes (type 1 or 2) were removed. This method was appropriate for maximizing accurate removal of existing cases, while the requirement for 2 ICD-9 codes during follow-up was designed to maximize true positive cases of type 2 diabetes. To allow time for exposures to feasibly contribute to incident T2DM, we excluded patients with 90 days or less of follow-up after the index date. This resulted in a final analytic sample of 3450 patients with PTSD and 2204 patients without PTSD. The Figure illustrates the inclusion and exclusion criteria leading to the analytic sample.
Outcome Variable
We followed the method used by Miller et al 16 for measuring the prevalence of diabetes in the VHA to identify incident T2DM. We defined T2DM by the presence of 2 or more ICD-9 codes (250.x0, 250.x2, 357.2, 362.0x, or 366.41) within a 24-month period. The date of the first code was considered the date of T2DM onset.
Exposure Variables
For our first objective, the exposure was PTSD status at the index date. The presence of PTSD was modeled as a timeinvariant variable. For our second objective, obesity among patients with PTSD and patients without PTSD was the main exposure. Obesity was defined as a body mass index of 30 or moreoranICD-9 code for obesity (278.00 or 278.01). Obesity was treated as time dependent, meaning patients could contribute to both nonobese and obese follow-up time.
Covariates
Except for PTSD psychotherapy, which should occur after the PTSD index date, covariates could occur anytime during the observation period prior to study end date. Unless otherwise noted, covariates were treated as time-dependent. We controlled for time-invariant demographic variables, which included age, sex, race/ethnicity (categorized as white, black, other, or missing data), marital status (married, not married, or missing data) and having both VHA and non-VHA health insurance. We included a missing category for demographic covariates to preserve sample size. To control for detection bias, we adjusted for the volume of primary care health services use by computing the number of primary care clinic visits in the entire VHA system. The distribution of the mean number of visits per month was used to define the top 25th percentile as high use vs all other use levels.
We adjusted for comorbid psychiatric disorders including depression, any anxiety disorder, alcohol abuse or dependence, and illicit drug abuse or dependence that may confound the association between PTSD and T2DM. Depression was defined by 2 outpatient codes within a 12-month period or a single inpatient diagnosis of ICD-9 codes 296.2x, 296.3x, or 311. 17 We used the same algorithm to classify patients as having panic disorder (ICD-9 code 300.01), obsessive-compulsive disorder (300.3), social phobia (300.23), generalized anxiety disorder (300.02), or anxiety not otherwise specified (300.00). We created a composite variable termed any anxiety disorder defined as having any of these disorders. We also adjusted for prescriptions for any antidepressant and atypical antipsychotic medications. was patients with PTSD vs patients without PTSD, with the second group not receiving PTSD psychotherapy. We adjusted for PTSD psychotherapy when comparing the combined association of obesity and PTSD on the risk of developing T2DM.
Analytic Approach
Analyses were performed with SAS version 9.4 (SAS Institute) at an α level of .05. Data analysis was completed from February 2018 to May 2018. Bivariate analyses estimated the association between covariates and PTSD or obesity among those with and without PTSD using χ 2 tests for categorical variables or independent samples t tests for continuous variables. Bivariate relationships with marital status included cell sizes with less than 5 patients (eg, missing values); thus, exact P values were computed. Unadjusted cumulative incidence percent and incidence rate (per 1000 person-years) were calculated and compared by PTSD status and among obesity status in groups with and without PTSD using χ 2 tests and Poisson regression models. Because older age is positively associated with T2DM, 19 we calculated age-adjusted cumulative incidence percents and rates using Poisson regression models.
Cox proportional hazard models were computed to obtain hazard ratios and 95% CIs. For the first objective, models were computed before and after adding obesity to an ageadjusted model to assess the association of PTSD with incident T2DM (model 1 and model 2, respectively). The model was further expanded by adding psychiatric disorders and psychotropic medications (model 3), physical conditions (model 4), smoking status (model 5), and demographic factors (model 6). For the second objective, Cox models were stratified by PTSD status and crude and fully adjusted models for the association of obesity with incident T2DM were computed. The proportional hazard assumption was tested by examining a timedependent interaction term of PTSD (first objective) or obesity stratified by PTSD (second objective) and log(follow-up time), where a significant test (defined as P < .05) indicates assumption violation and different hazard trends over time. The assumption was met for all outcome models. Follow-up time was measured as days since index date to study end date, which was either the date of T2DM diagnosis or the last clinic encounter, if no T2DM diagnosis occurred.
Results
Overall, the sample (N = 5654) had a mean (SD) age of 44.7 (14.4) years; 4843 participants were men (85.7%), 3664 were white (64.8%), and 2481 were married (43.9%). Among the 2204 patients without PTSD, the mean (SD) age was 47.7 (14.3) years; 1860 were men (84.4%), 1426 were white (64.7%), and 956 were married (43.4%). Among 3450 patients with PTSD, the mean (SD) age was 42.8 (14.2) years, and 2983 were male (86.5%), 2238 were white (64.9%), and 1525 were married (44.2%).
Several conditions were more prevalent among patients with PTSD than in those without PTSD ( The cumulative incidence percent and incidence rates of T2DM by PTSD status are shown in eTable 1 in the Supplement. Prior to adjusting for age, the T2DM cumulative incidence percent and incidence rates were similar in patients with PTSD (252 [7.3%]) and without PTSD (141 [6.4%]; P = .19). After adjusting for age, the cumulative incidence of T2DM was significantly higher in those with PTSD vs those without (patients with PTSD: 6.6%; patients without PTSD: 4.7%; P = .002); the same pattern occurred with respect to incidence rate (patients with PTSD: 15.2 per 1000 person-years; patients without PTSD: 11.4 per 1000 person-years; P = .01).
Results from Cox proportional hazard models estimating the association between PTSD and incident T2DM are shown in Table 2 . After adjusting for age in model 2, PTSD was associated with a 33% increased likelihood of incident T2DM (hazard ratio [HR], 1.33; 95% CI, 1.08-1.64; P = .01). After adding obesity (model 3), the association between PTSD and incident T2DM was markedly reduced and no longer statistically significant (HR, 1.16; 95% CI, 0.94-1.43; P = .18). A diagnosis of PTSD remained unassociated with incident T2DM after ex- b Defined by a body mass index of 30 or more or an ICD-9-CM code for obesity.
c A composite of panic disorder, obsessive-compulsive disorder, social phobia, generalized anxiety disorder, and anxiety not otherwise specified.
d Current smoker per health factor records or ICD-9-CM code. Among patients with and without PTSD, we observed the T2DM cumulative incidence percent and incidence rate were much higher in patients with obesity than those without, both before and after adjusting for age (eTable 2 in the Supplement). Among patients with PTSD, the age-adjusted T2DM incidence rate was 21.0 per 1000 person-years for patients with obesity compared with 5.8 per 1000 person-years for patients without obesity (P < .001). Among patients without PTSD, the age-adjusted T2DM incidence rate was 21.2 per 1000 person-years for patients with obesity and 6.4 per 1000 personyears for patients without obesity (P < .001).
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Results for Cox proportional hazard models estimating the association between obesity and incident T2DM stratified by patients with and without PTSD are shown in Table 4 .Inpatients without PTSD and in those with PTSD, obesity was significantly associated with incident T2DM and the magnitude of association 
Discussion
In a large cohort of VHA patients with PTSD who were free of T2DM at baseline, we observed that obesity largely accounted for the association between PTSD and incident T2DM. While age-adjusted models indicated a significant association between PTSD and incident T2DM (HR, 1.33 [95% CI, 1.08-1.64]; P = .01), after adjusting for obesity, the risk was reduced by nearly 50% (HR, 1.16 [95% CI, 0.94-1.43]; P = .18). In fully adjusted models, PTSD had no association with incident T2DM and obesity remained the strongest predictor of new onset T2DM (HR, 2.68 [95% CI, 2.10-3.43]; P < .001). To our knowledge, these results are the first to focus on the contribution of obesity by itself on the association between PTSD and T2DM. The incidence of T2DM was nearly identical in patients with and without obesity in both those with PTSD and without PTSD. From survival models, we observed that before and after adjusting for covariates, the association between obesity and incident T2DM was similar in patients with and without PTSD. In adjusted analysis, patients without PTSD who had obesity were 2.73 times more likely to develop T2DM, and obesity was associated with 2.72 times increased risk of T2DM in those with PTSD. The age-adjusted incidence rate of T2DM in patients without PTSD or obesity (6.4 per 1000 person-years) was similar to that observed in patients with PTSD who did not have obesity (5.8 per 1000 person-years). This is nearly equal to the unadjusted incidence rate of 6.7 per 1000 person-years for adults living in the United States in 2015.
19 Overall, we did not observe evidence of a combined association of PTSD and obesity with incident T2DM. In this study, it seems unlikely that PTSD has a causal association with T2DM. These results are consistent with previous research demonstrating that psychiatric disorders, 1 metabolic conditions, and demographic factors attenuate the association between PTSD and T2DM. 4 However, others have found PTSD remains significantly associated with incident T2DM when adjusting for various combinations of these covariates. 2, 5, 6 The current study advances existing research, which has relied mostly on self-reported T2DM. Our results are responsive to the call by Koenen et al 9 to establish evidence for whether PTSD has a causal relationship with cardiometabolic disease. Based on the present study, reducing body mass in- a Test of proportional hazard: patients without PTSD, P = .41; patients with PTSD, P =.57 .
b A composite of panic disorder, obsessive compulsive disorder, social phobia, generalized anxiety disorder, and anxiety not otherwise specified.
c Current smoker per health factors records or ICD-9-CM code.
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The Role of Obesity in the Association Between Posttraumatic Stress Disorder and Incident Diabetes dex to within a normal range and limiting exposure to atypical antipsychotic medications in patients with PTSD, and in those without PTSD, may reduce the risk of T2DM. While we observed obesity in 59.1% of those with PTSD compared with 44.8% of patients without PTSD, others have reported that PTSD is associated with nearly a 2-fold likelihood of becoming obese compared with patients without PTSD. [10] [11] [12] 20 Persons with PTSD were observed to be less likely to engage in weight loss programs 21 and more likely to persistently gain weight. 22 Johannessen and Berntsen 23 observed a decrease in PTSD symptoms with weight loss. We observed no association between the number of PTSD psychotherapy visits and prevalence of obesity in patients with PTSD; however, we recognize that the number of visits is an imperfect measure of effective treatment and that additional research is warranted. Sedentary lifestyle, poor diet, and heavy alcohol consumption are likely to lead to obesity and T2DM. Other mechanisms proposed for the PTSD-metabolic disease association include altered hypothalamic-pituitary-adrenal axis 7 and chronic high levels of stress hormones that contribute to central adiposity and stress hormones that regulate appetite. 24 Functional magnetic resonance imaging has revealed altered brain activity that correlates with cues to eating and consumption of high-calorie, high-fat foods. 24 
Limitations
Our results were obtained from a cohort of veterans who used 1 of 5 Veterans Administration Medical Centers, and it is possible that the findings may not generalize to all regions of the US or to civilians. The follow-up time for some patients was only 3 years, and the total number of new T2DM diagnoses may be conservative in this relatively young-to-middle-aged patient population. In addition, misclassification is always a limitation in retrospective cohort designs using medical record data. Our diagnostic algorithms are designed to correctly classify true cases; however, we may have misclassified patients with PTSD as noncases, which would result in conservative risk estimates.
Conclusions
Our findings suggest that PTSD does not directly lead to T2DM. Instead, obesity accounts for much of the increased risk of T2DM in patients with PTSD. Epidemiological and neurophysiological evidence has established PSTD as an independent risk factor for obesity. 24 Thus, as with the general population, reducing the burden of morbidity in persons with PTSD may hinge on addressing weight. 
